complement system. S. aureus cells were grown for 24 hours in 50 ml of serum in a 250 ml flask 1 3 7 at 37°C with shaking at 200 rpm. The cells grown in the different laboratory media conventionally used were harvested in 1 4 1 mid-exponential phase (OD 600 0.6), and after 24 hrs of growth in serum, by centrifugation at 1 4 2 3000 x g at 4° C for 15 minutes and the pellets were washed three times in cold distilled water. The samples were then sent for fatty acid methyl ester (FAME) analysis whereby the fatty acids 1 4 4 in the bacterial cells (30-40 mg wet weight) were saponified, methylated, and extracted. The For quantification of the carotenoid pigment in the S. aureus cells grown in different 1 5 4 media, the warm methanol extraction protocol was followed as described by Davis et al. The fatty acid compositions of strain USA300 grown in different laboratory media are 1 7 5 shown in Table 1 . Growth in MH broth and LB broth resulted in a high content of BCFAs-1 7 6 80.9% and 77.2% respectively, whereas SCFAs were 19.1% and 22.8% respectively. However, 1 7 7 in TSB and BHI broth the BCFAs contents were lower at 51.7% and 51.5% respectively, and 1 7 8
SCFAs were increased to 48.3 and 48.5% respectively. In MH broth anteiso odd-numbered 1 7 9 fatty acids were the major fatty acids in the profile (59.8%), followed by even numbered 1 8 0 SCFAs (16.6%), iso odd-numbered fatty acids (15.8%), with iso even-numbered fatty acids 1 8 1 making up only a minor portion (4.7%). Anteiso C15:0 was the predominant fatty acid in the 1 8 2 membrane lipids (39%). This particular fatty acid has a significant impact on fluidizing 1 8 3 membranes [37, 38] . The anteiso fatty acids were significantly reduced in TSB-grown cells 1 8 4 (29.3%). The major SCFAs in TSB-grown cells were C18:0 and C20:0 at 19.1% and 18.6% 1 8 5 respectively. Overall, the fatty acid compositions were in line with many previous studies of S. aureus fatty acid composition [9-12], but we are unaware of previous studies that have 1 8 7 identified this impact of medium on the proportions of BCFAs and SCFAs in the membrane. The results of a similar series of experiments with strain SH1000 are shown in Table 2 . Overall, the proportion of BCFAs of this strain was higher than strain USA300. In strain 1 9 4 SH1000 the BCFAs were higher than USA300 in all media-BHI 66.6%, TSB 68.5%, with 1 9 5 particularly high contents in MH broth 90.2% and LB 89%. The proportion of SCFAs was 1 9 6 correspondingly smaller in all cases compared to strain USA300. Anteiso fatty acids were the 1 9 7 major class of fatty acids in all media, amongst which anteiso C15:0 was present in the 1 9 8 highest amount in all cases. However, the same phenomenon was noted where MH broth and The phenomenon of higher BCFAs in MH broth-grown cells and higher SCFAs in TSB 2 0 8 grown cells was observed in 8 out of 9 strains tested which included MRSA, VISA and 2 0 9 daptomycin decreased susceptibility strains (data not shown). This indicates that the 2 1 0 phenomenon noted in strains USA300 and SH1000 also extends to other S. aureus strains. The fatty acid composition of S. aureus grown ex vivo in serum is radically different to 2 1 2 those of the organism grown in laboratory media 2 1 3
It was of interest to try and get an idea of the fatty acid composition of S. aureus grown 2 1 4 in vivo. Strain USA300 and SH1000 were grown in serum, which resulted in major changes in 2 1 1 1 the fatty acid profile (Table 3) . Total BCFAs were reduced to 37.5% in USA300 and 36.3 in 2 1 6 SH1000; SCFAs were at 37.8% in USA300 and 32.1% in SH1000, but 25% of the fatty acid 2 1 7 profile in the case of USA300 and 30.6% in SH1000 was accounted for by SCUFAs. Staphyloxanthin is another significant membrane component that might impact the 2 2 7 biophysical properties of the membrane. Accordingly, the carotenoid content of cells grown in 2 2 8 different media were determined and the results are shown in Fig. 2 . Strain SH1000 cells 2 2 9 grown in MH broth had a much higher carotenoid content than cells grown in the other media.
The pellets of cells grown in this particular media were noticeably yellow. It is possible that BCFAs) and serum (high SCUFAs) -grown cells had higher carotenoid contents than TSB or 2 3 4 BHI broth -grown cells. In strain USA300 MHB-and serum-grown cells also had higher 2 3 5 carotenoid contents than did cells grown in BHI, TSB or LB. In general this strain was less 2 3 6
pigmented than strain SH1000. The strains, USA300 (black columns) and SH1000 (blue columns), were grown in different 2 3 9 growth media and the carotenoid was estimated after extraction by warm methanol. Possibly the higher carotenoid contents of cells grown in MH broth and serum rigidifies the 2 4 5 membrane. Strain USA300 also showed a similar pattern of membrane fluidity in the different The strains, USA300 (black columns) and SH1000 (blue columns), were grown in the different 2 5 2 media to mid exponential phase and membrane anisotropy was measured by fluorescence 2 5 3 polarization. media were found to encourage a higher proportion of BCFAs than others, whereas in some with SCUFAs appearing in the profile in significant amounts accompanied with a decrease in 2 6 5 BCFA content. It is useful to discuss our fatty acid compositional data in the context of what is known 2 6 7 about phospholipid biosynthesis and the positional distribution of fatty acids on the 1 and 2 2 6 8 carbon atoms of the glycerol residue ( Fig. 4) . Phosphatidic acid is a key intermediate in the interconversion of acyl-ACP and acyl phosphate. Exogenous fatty acids readily penetrate the 2 7 7 membrane and are activated by a fatty acid kinase to produce acyl phosphate that can be PlsC. Exogenous fatty acids can also be elongated by the FASII pathway. When S. aureus is 2 8 0 grown in medium that results in a high proportion of BCFAs the major phospholipid, Acyl-ACP is produced by the FASII pathway and PlsX catalyses the interconversion of acyl-2 9 2 ACP and acyl phosphate. Exogenous fatty acids readily penetrate the membrane and are phosphate that can be utilized by PlsY, or that can be converted to acyl-ACP for incorporation 2 9 5
into the 2-position by PlsC. Exogenous fatty acids can also be elongated by the FASII pathway. of beef extract powder (2 g/l), acid digest of caseine (17.5 g/l), and soluble starch (1.5 g/l). Thus, 3 0 3 by far the major medium component is acid digest of caseine, and this is expected to be high in 3 0 4 free amino acids. TSB (Difco) is composed of pancreatic digest of caseine (17 g/l), enzymatic 3 0 5 digest of soybean meal (3 g/l), dextrose (2.5 g/l), sodium chloride (5 g/l) and dipotassium Neopeptone using gel filtration. They found that peptides with a molecular weight below 650 3 0 9
What determines the balance between BCFAs and SCFAs in cells grown in laboratory
represented about 25% of the mixture, and free amino acids were about 1 % of the entire 3 1 0
preparation. We believe that the free amino acids from the acid digest of casein can have a anteiso odd and iso odd fatty acids respectively [26] . L. monocytogenes can also obtain amino Growth in media such as TSB and BHI lead to a higher proportions of SCFAs than the possibility that butyrate is the primer for biosynthesis of SCFAs in S. aureus. It is also 3 3 0 possible that SCFAs that may be present in TSB and BHI may be utilized directly for fatty acid 3 3 1 elongation to the SCFAs in the membrane typical of growth in these media.
2
The underappreciated ability of S. aureus to incorporate host fatty acids from serum 3 3 3
A striking finding in our paper is that S. aureus has the capacity to incorporate large Indeed it appears that S. aureus lacks the genes necessary to biosynthesize unsaturated fatty acids 3 3 7
[41]. However an early report by Altenbern [48] showed that inhibition of growth by the fatty enhances recognition by the immune defense system. The carotenoid staphyloxanthin is a unique S. aureus membrane component that stress and host defense peptides [20] . However this relationship is likely to be complex in that for the fact that the properties of the organism grown in vivo are probably very different from affected significantly by the variations in laboratory medium in which the organism grew. with blood plasma to mimic in vivo conditions. In order to replicate a membrane fatty acid 4 2 8 composition more closely resembling that of the bacteria growing in vivo, it may be desirable to 4 2 9 supplement laboratory media with SCFAs and SCUFAs. regulate stress resistance and virulence factor production for Listeria monocytogenes. J ; 192:1988-1998 in the fitness of Staphylococcus aureus and its ability to cope with oxidative stress. Infect 
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